The Nutrition Section of the Mozambican Ministry of Health recently implemented a low-cost, rapid field tool for assessing the quality of household diets. Such tools can play an important part in targeting development assistance in countries where resources are scarce. This paper evaluates how well the tool performs at describing household dietary intakes in northern Mozambique and explores ways to improve it. The food-group classification and scoring system that form the core of the tool were applied to household data (n = 1,140) collected in a previous quantitative diet study in Nampula and Cabo Delgado Provinces. Using mean intakes as a criterion, the diet assessment tool performed well on all nutrients studied, except vitamin A. Those classified by the tool into the top group of diet quality had the highest mean intakes of energy, protein, and iron as well as the highest mean scores on the Mozambican Diet Quality Index, whereas those classified in the bottom group had the lowest intakes. Sensitivity rates for the diet assessment tool could be substantially improved by raising the cutoff point for an acceptable diet from the current threshold of 20 points to 23 points. Regression analysis was used to suggest other possible improvements. Such improvements were only marginal and do not justify field implementation, given the added complexity in classifying and scor-ing. This paper provides evidence that, with some minor changes, the Ministry of Health diet assessment method can be a useful tool in describing the dietary situation of groups of Mozambican households. Since this tool is both inexpensive and simple to use, there may be interest in adapting it for use in other low-income countries. A series of steps for doing so is outlined at the end of this paper.
Introduction
In recent years, governments and development agencies have placed increasing emphasis on rapid appraisal techniques to assess the well-being of their target populations. Pioneered by Chambers [1] , these techniques provide an approach that is qualitative in nature and allows for the assessment of various aspects of living conditions. The quick turnaround time is an obvious advantage these approaches have over more traditional surveys that are based on quantitative instruments. Policy makers and program planners often need answers quickly to make informed decisions about resource allocations. Carefully conducted scientific surveys may provide more accurate assessments of certain population indicators, but they will have little impact on decision-making if they are produced with a long lag time.
Realizing the importance of rapid information flow, the Food and Agriculture Organization (FAO) of the United Nations has supported the Nutrition Section of the Mozambique Ministry of Health in the development and implementation of methods to compile food-security and nutrition information in rural districts and urban areas [2] [3] [4] . These assessments rely heavily on rapid appraisal techniques. Key informant interviews, community focus groups, and detailed interviews with individual households are used to generate a range of outputs, including a table 182 of socioeconomic characteristics of households, an annual calendar of food-security and nutrition stresses, and pie charts outlining sources of income and staple foods for different economic groups. One important part of the profiles conducted in urban areas is a tool used to assess the quality of household diets. The tool is both low in cost and simple to use, which suggests that it might have broader application in low-income countries.
Whether because of disciplinary boundaries or practical programming priorities, relatively few research studies have been conducted to evaluate rapid appraisal techniques with quantitative data. Such work is essential, however, in order to have confidence that these techniques are accurately measuring variables of interest. Research evaluating these techniques is also needed to disseminate the most successful tools to a wider audience.
In this paper, we evaluate the Mozambican Diet Assessment tool that forms part of the urban foodsecurity and nutrition profiles carried out by the Ministry of Health. To implement this tool, field personnel use a simple scoring system to assign points to all foods reportedly consumed in the previous 24 hours. On the basis of the total score, the household's diet is then classified as acceptable, low-quality, or very-low-quality. This methodology was originally developed in Zambia [5] . Is it appropriate to use it in Mozambique? Does it do a good job of classifying groups of households with respect to their dietary intakes? If not, are there simple ways to improve it? We answer these questions by analyzing the scoring system at the heart of this diet methodology with data collected previously in northern Mozambique in the Nampula/Cabo Delgado Study.
Methods

The Mozambican Diet Assessment Tool
The Mozambican Diet Assessment Tool (MDAT) is based on a simple, qualitative 24-hour recall of household food intake. The person in charge of food preparation in each household is asked to recall all foods eaten by household members at each meal and snack time in the previous 24 hours. Field personnel, usually the provincial nutritionists, then assign points to each food consumed, using a simple scoring system.
The scoring system gives four points to meats and other animal protein foods, three to legumes, two to cereals, and one to fruits, vegetables, and other foods. Table 1 provides a more detailed listing of the foods in each group. This scoring system was originally developed for use in Zambia [5] and is based on the nutrient density of the food item, how well nutrients from each food are absorbed and utilized, and typical portion sizes. Foods were evaluated on these criteria and assigned to one of the four groups based on the judgment of professional nutritionists. Foods in the meat group contain high-quality proteins and a wide range of other nutrients, so they carry more points than vegetables, which are low in calories, proteins, and most nutrients other than vitamins A and C. Vegetables are also high in phytates, which inhibit absorption of some minerals. Legumes have more nutrients, such as protein and B vitamins, but the protein is of a lower quality and legumes are also high in phytates, so they are assigned fewer points than foods in the meat group. Although condensed milk has many nutrients, including highquality protein, it is assigned a low score because it is consumed in very small portions (e.g., a spoonful with tea). Nutritionists in Mozambique revised the Zambian tool only slightly. Fluid milk, yogurt, and an egg and milk custard known as pudím were assigned to the highest-point group. These dairy products, though consumed infrequently, are high in nutrients and, when eaten, are consumed in portion sizes that can contribute substantially to the nutrient intake for a given day.
Points are assigned to foods for every meal or snack time that they are consumed. Some foods, such as staples, will be listed often and receive points more than once in a day. The points are then added up, and the quality of the household diet is judged based on the total number of points obtained. Diets that score 20 points or more are judged to be of acceptable quality. Diets scoring 12 to 19 points are judged to be of low quality, and those scoring less than 12 points are judged to be of very low quality
The Nampula/Cabo Delgado Study
The Nampula/Cabo Delgado (NCD) study was originally designed to identify the impacts of various smallholder cotton schemes on household incomes and food security in Mozambique [6, 7] . The study was conducted in Montepuez District in Cabo Delgado Province and Monapo and Meconta Districts in Nampula Province. These areas are typical of the interior of northern Mozambique, where maize-and manioc- Beans, groundnuts, coconuts, other nuts based cropping systems predominate and where cotton and cashew are often grown. Using repeated visits on households in 16 villages from 1994 to 1996, the study collected information on a number of household variables, including daily food consumption, during three different periods during the year: May (harvest), September (post-harvest), and January (the "hungry season"). Food consumption was measured by using a 24hour recall technique at the household level, in which trained enumerators conducted detailed interviews with the person in charge of food preparation. These interviews were conducted on two nonconsecutive one-day visits (about one week apart) during each period, and included the volumetric measurement of household utensils to more closely approximate exact quantities used. Quantitative data on household food consumption were combined with regional foodcomposition databases to calculate daily household nutrient intakes. The two days of information on each household's intakes were averaged for each period, thus supplying 1,140 observations on 388 households (dietary data were available for all three periods from 94% of households). The nutrients for most foods were obtained from data compiled by West et al. [8] , supplemented with values from the food-composition table compiled for Mozambique [9] . Additional details regarding the NCD dietary data have been published previously [10, 11] .
Household intakes were compared with international reference standards by summing the recommended intakes for all household members in attendance at meals on the survey days. Each member's recommended intake was determined by the age and sex of the individual. Recommended intakes for energy were also based on reference weight data for Mozambique [12] and include energy needed to maintain weight as well as energy necessary for occupational and "socially desirable" activities [13] . Occupational activities were assumed to be characteristic of a rural population in a developing country, i.e., requiring moderate to heavy energy expenditure. Protein recommendations were based on safe levels of intake, i.e., the average requirement plus two standard deviations, appropriately corrected for reduced digestibility and protein quality of traditional diets [13] . The recommended levels of intake for other nutrients were also based on levels that met the needs of most healthy people, i.e., average requirements plus a safety factor [14] .
A composite measure of diet quality, which summarizes key nutrients important to public health in Mozambique, was developed in work on the NCD sample [11] . The Mozambique Diet Quality Index (MDQI) has five components, reflecting the intakes of energy, vitamin A, iron, and protein and a summary measure of dietary variety based on seven other nutrients. A maximum of two points is assigned for each component, so the score on the MDQI, a sum of the five component scores, ranges from 0 to 10. To compute each component score, the adequacy ratio for that nutrient (intake/recommendation) is first computed, then truncated at 1.0 if the household consumed more than the recommended amount, and then multiplied by two. On the basis of the scores on this index, household diets were divided into three categories. Households that scored 7.5 or more on this index were considered to have acceptable diets. Households that scored 6.0 or greater, but less than 7.5, were considered to have diets of low quality. Those that scored less than 6.0 were considered to have diets of very low quality. Note that, for various reasons, it can never be known whether a given diet is truly of low or acceptable quality for a given household. However, the terminology is useful for categorizing groups of households based on relative dietary quality. It is also worth emphasizing the distinction between the MDQI and the MDAT, since both classify diets into three groups and use the same terminology for the different groups. The MDQI is an index used to aggregate detailed information about nutrient intakes obtained from a classical quantitative 24-hour recall, whereas the MDAT is a simple field tool that classifies on the basis of a qualitative assessment of foods consumed. We use the MDQI, in addition to the intakes of individual nutrients, as a "gold standard" to judge how well the MDAT performs.
Evaluation of the Mozambican Diet Assessment Tool
The NCD data on the food consumption of households in northern Mozambique were used to assess the MDAT. First, each of the foods in the NCD database was assigned points according to the MDAT food groups described in table 1. Then each household's total points on a given day were summed. Finally, each household's diet for a given day was classified into one of three groups using the MDAT scoring system. After observations were classified into one of the three groups, the nutrient content of the actual amount of food reported consumed on that day was calculated by using food-composition databases described previously. The mean nutrient intakes for observations in each of the three categories of diet were calculated. One-way analysis of variance was used to determine whether the classification based on the MDAT provided groups whose nutrient intakes were significantly different from one another (p < .05). Post-hoc multiple comparison testing was performed by Bonferroni's test.
Dichotomous variables indicating when NCD household intakes were below 75% of their RDAs were also created. These variables were used to further assess the categorizations based on the MDAT. Households grouped in the bottom two MDAT categories (low and very low) were combined into one category with diets of "low or very low" quality. Sensitivities (percentage Evaluation of a rapid field tool of households with low-quality diets classified by the MDAT as having diets of "low or very low" quality) and specificities (percentage of households with acceptable diets that were classified as having acceptable diets) were calculated in order to better evaluate the MDAT and to suggest possible improvements.
Improvements in the Mozambican Diet Assessment Tool
Various analyses were performed to suggest improvements in the MDAT. One type of analysis explored the sensitivities and specificities obtained by moving the thresholds for different categories of diets, e.g., moving the dividing line between the top two categories from 20 to 23 or more points.
A second set of analyses explored whether MDAT could be improved by altering the points assigned to the currently used food groups. The MDQI variable, since it represents overall diet quality, was used as the dependent variable in a linear regression model in which there were four independent variables, one for each of the food groups. The expression of these foodgroup variables was simply a count of the number of times in a day the household consumed a food from that group. In a model that predicts overall diet quality from information on food-group consumption, the coefficients on the food-group variables can be thought of as points to be used in scoring. After this regression had been estimated, the coefficients were multiplied by 10 and rounded off so that field personnel would not have to deal with an overly detailed scoring system. In the current scoring system, the points are allocated at 1, 2, 3, and 4 to groups 1 through 4, respectively. The regression analysis suggested an alternative scoring of 2, 2.5, 5, and 2 for the four groups, with the threshold being set at 30 points (see top section of table 5).
A third set of analyses explored whether additional improvements could be made by using linear regression in combination with different food groups. Various systems with five, six, and seven food groups were explored, with either MDQI or energy intake as the dependent variable. The results of two such systems are reported here. One system of six food groups began with the original MDAT grouping but split off vitamin A-containing fruits and vegetables into a fifth group and all other fruits and vegetables into a sixth group. Regressions were then run as before, with the MDQI indicator as the dependent variable. Another system of seven food groups took this grouping one step further and broke out energy-dense fruits and vegetables (bananas, fresh beans, fresh peas, etc.) into a seventh group. As before, a regression approach was used to generate points, but this time the dependent variable was the energy/nutrient adequacy ratio (see top section of table 5).
Results
After the MDAT scoring system had been applied to the NCD database, there were 616 observations, or 54.0% of the NCD sample, of diets that were classified as having acceptable quality, whereas 35.3% (n = 402) of diets were of low quality. Only 10.7% (n = 122) of diets were classified as being of very low quality. Among diets that were classified as having acceptable quality, the mean energy intake was 105.5% of the recommended level (table 2) . Among low-quality diets, the mean energy intake was 78.4% of the recommended level, and among very-low-quality diets, it was only 50.1% of the recommended level. Assessment of the mean intakes of protein and iron, as well as the scores on the Mozambique Diet Quality Index (MDQI), also showed a significant (p < .05) main effect of the diet quality classification, significant differences between each of the groups on multiple-comparison testing, and an ordering that was in the expected direction. That is, the mean intakes of diets rated as acceptable were higher than those of diets rated as having low quality, which were higher than those of diets rated as having very low quality. The one exception to this pattern was with vitamin A, in which there was no difference between diets rated as acceptable and those rated as low quality. Diets rated as having very low quality actually had higher mean intakes of vitamin A than diets of acceptable or low quality. Although the diets classified into separate groups according to the MDAT tool clearly had significant differences in nutritional content, there were many misclassifications with this approach. For example, a sizeable portion of households with low nutrient intakes were misclassified by the MDAT system as having acceptable diets-32.3% of households in the case of energy (table 3) . The top half of table 3 shows that misclassification is a problem for the MDAT tool with other nutrients as well, such as protein, vitamin A, iron, and the overall index of diet quality, the MDQI. Correctly classifying those with a low intake is a measure of the sensitivity of a diet assessment tool. When the bottom two groups are combined into a group with diets of "low or very low" quality, the MDAT has a sensitivity of 67.7% for detecting the prevalence of low energy intakes in the NCD sample. Table 3 summarizes the sensitivities of the MDAT-combined tool for other nutrients (top shaded area) and also displays the specificities for these nutrients (bottom shaded area).
When assessment tools indiscriminately classify too many households into a low-intake category, the sensitivity of the tool may be high, but the specificity will show that the tool has not done a very good job of classifying those that have acceptable diets. Sensitivities and specificities are related by the threshold or cutoff point that an indicator uses [15] . The threshold for an acceptable diet currently being used in the MDAT system is 20 points. This means that diets with fewer than 20 points are rated as having "low or very low" quality, and those with more than 20 points are rated as having acceptable quality. Thus, simply by raising the threshold of what is considered an acceptable diet, the sensitivities for predicting low intakes of various nutrients should improve. Table 4 shows that this indeed happens. For energy, as the MDAT threshold is raised from 20 to 29 points, the sensitivity improves from 67.7% to 95.5%. But raising the cutoff point also lowers the specificity. As the MDAT cutoff increases to 29, the specificity for predicting low energy intakes declines from 69.2% to 21.1%. There is clearly a tradeoff between improving sensitivity and improving specificity.
How far should the cutoff be raised to improve sensitivity, thereby sacrificing specificity? A higher sensitivity is desirable to accurately identify most subjects at nutritional risk, as long as false positives do not cause other risks [15] . Although there are no other risks associated with false positives in this case, a high rate would increase the cost of delivering effective services. One simple strategy is to stop at the level that yields a prevalence of low intakes closest to that known to occur in the population. Earlier work showed that the prevalence of diets of "low or very low" quality in the NCD sample, based on the MDQI, was about 60% [11] . The prevalence of diets of "low or very low" quality was also calculated for each of the different cutoff-point groupings in the MDAT system. Not surprisingly, as the cutoff points for an acceptable diet go up, so do the prevalences of a low-quality diet. For MDAT-20 (i.e., MDAT with 20 points as the cutoff between an acceptable diet quality and a low quality), 46% of the observations would be classified as having "low or very low" quality, whereas with MDAT-29 the prevalence rate jumps to 86% (see numbers in parentheses in table 4 ).
MDAT-23 provides a reasonable compromise, since Evaluation of a rapid field tool it gives an improvement in sensitivity over the original , and yet yields a good estimate of the overall prevalence of diets of "low or very low" quality, 61% (i.e., very close to the rate found in previous research using the MDQI and full quantitative information on the intake of each nutrient [11] ). With the threshold at 23 points, the sensitivities for predicting low intakes improve for all of the nutrients studied.
As can be seen in the first and second data columns of table 5, an alternative four-group scoring system (4GRP)-devised by reassigning points to each food group based on the results of regression analysis-only improves the sensitivity rate of the original tool (with the cutoff point raised to 23, i.e., MDAT-23) with a. MDAT-23 refers to the Mozambican Diet Assessment Tool with 23 points as the threshold that divides low-quality and acceptable diets. 4GRP is a four-food-group tool similar to MDAT with different points assigned to each group. 6GRP and 7GRP are six-and seven-group tools developed in regression analysis. See Methods section for additional details. b. Numbers in parentheses refer to the prevalence of diets of low or very low quality in the NCD sample when assessed using each particular diet assessment tool.
regard to iron. For the other nutrients and overall diet measure, this approach does slightly worse. However, the 4GRP system does better than MDAT-23 on all the specificity measures. To improve the assessment system even further, regression analysis was tried in combination with different food groups. Various systems with five, six, and seven food groups were explored. The results of the best of these trials are also reported in table 5. The sensitivities of the six-group approach are better for all nutrients than those of the four-group approach, and they are also better than those of MDAT-23 for protein, iron, and MDQI. The specificities of this six-group approach are also better than those of the MDAT-23 for all nutrients studied. Except for doing slightly worse with vitamin A, the seven-group approach improves on the sensitivities and specificities of the MDAT-23 system. It is to be expected that this approach might do worse with vitamin A, since the points for the groups were assigned on the basis of regression results that fit the energy intake variable, which is less correlated with vitamin A intakes than the MDQI variable.
Discussion
This paper examined the diet quality assessment tool used by the Nutrition Section of the Mozambican Ministry of Health in its urban profiles work. This Mozambican Diet Assessment Tool (MDAT) involves the listing of foods consumed in the previous day by the household, the scoring of these foods, and the classification of overall diets based on the total points assigned. To assess this approach, a previous quantitative study of diet in northern Mozambique was employed. This was possible because the earlier Nampula/Cabo Delgado (NCD) study also used a 24-hour recall instrument as a starting point, but then obtained precise quantitative information on household dietary intake.
The MDAT methodology does well in certain respects but falls short in others. NCD diets that were classified as having acceptable quality by the MDAT approach had significantly higher mean intakes of energy, protein, and iron than those classified as having low or very low oil quality. However, for vitamin A, the reverse pattern was observed.
Vitamin A intake is particularly difficult to classify in this population with a composite dietary tool, because the content of vitamin A in many food sources correlates inversely with energy, protein, and other nutrients. In fact, earlier work in this area of Mozambique found that vitamin A intake improved slightly in the "hungry season," while the intakes of most other nutrients declined to their lowest levels of the year. The increase in vitamin A intake was due to the reliance on pumpkin squash, leaves, and other fruits and vegetables when staple grains and beans were in short supply [10] .
Efforts here to increase the correlation of the MDAT assessment with vitamin A intake by utilizing a separate food group for vitamin-A rich fruits and vegetables were unsuccessful (see table 5 ). The high variability in vitamin A intakes is not unique to Mozambique, a fact that cautions against the use of a single composite dietary tool to assess all aspects of nutritional intake. A second tool focusing exclusively on vitamin A-rich sources, such as that used by Helen Keller International [16] , may be needed to adequately assess intakes of this nutrient.
The misclassification rates by the MDAT system were also a problem. One recommendation for improving the MDAT is to increase the threshold for the upper level of diet quality from the currently used 20 points to 23 points. When tested on the NCD data, this improved the sensitivities for detecting low intakes of all nutrients and yielded a prevalence of "low-or verylow-quality" diets that was similar to earlier work in the study area.
The analyses show that it is possible to devise other improvements in the MDAT system. Various systems of four, five, six, and seven food groups, each using a different scoring method, were tested. Improvements can be seen in the rates at which the six-and seven-group systems classify low-intake diets as low (sensitivity rate) or acceptable-intake diets as acceptable (specificity rate). The revised grouping systems may also have an educational advantage, since the original grouping of the MDAT system puts fruits and vegetables in the same group as sugars and butter, perhaps not the best of messages for nutrition programs to send out to their personnel.
However, the improvements made by these latter systems are relatively minor. In addition, the new scoring systems are more complicated than the very simple system that is in place at present. Although in theory, either of the new systems should give better results, errors in assigning foods to groups, or in assigning points, are more likely. Thus, in practice, a new system based on the six-or seven-group scheme is not likely to generate improvements in the classification of households and so is not recommended for field use in Mozambique.
As with all validation-type studies, there are limitations to this one. First, the analysis at the heart of this report was based on data collected in Nampula and Cabo Delgado Provinces. Although clearly it is better to assess dietary tools for Mozambique by using data from this area than by using data from Zambia, it would have been better to have used a nationally representative dataset. But, as has been pointed out previously, no such dietary dataset exists [11] .
Second, it should be noted that the MDAT, as currently designed, is a household-level tool. Thus, if significant disparities exist in the intrahousehold allocation of foods, results based on this tool might mis-represent the conditions of specific individual types, for example, preschool children. If specific individual types are the focus, then the MDAT could be recalibrated to work with individuals. This would require interviewers to modify their questions to ask about consumption by a specific individual in the household. It would also require a validation study using a quantitative dietary dataset that was conducted at the individual level. A further validation research study on the MDAT could correlate the scores with child size or growth or other functional outcomes. However, many other factors besides food consumption, such as water supplies, sanitation, and availability of health services, affect child growth outcomes.
Third, field procedures, such as interviewing techniques or scoring of food recalls, were not evaluated here. However, the field techniques employed in the MDAT are relatively standard and easy to implement. Thus, there is no reason to believe that they would be a major stumbling block in the successful implementation of the MDAT.
In sum, this paper provides evidence that, with some minor changes, the MDAT can be a useful tool for describing the dietary situation of groups of Mozambican households. In the tradition of rapid techniques that have been suggested in previous research [17, 18] , this tool is quite easy to implement under the difficult field conditions common to Mozambique and other parts of Africa.
The simplicity of the tool bodes well for its adaptation to other countries. In doing so, nutritionists and other public health workers might want to follow the experience of Mozambique. The process consisted of four main steps.
First, a group of nutritionists, knowledgeable about food-consumption patterns and the prevalence of deficient diets in Mozambique, studied the Zambian tool and made suggestions for changes. Because of broad similarities in the diets, the grouping of foods and assignment of points from the original Zambian tool were left largely intact. Some individual food items were reassigned to different groups based on portion size. For example, dairy products, which have high nutrient densities, were reassigned to the four-point meat group, since when eaten in Mozambique, they are consumed in quantities that contribute substantially to a day's intake of nutrients. Also, the Mozambique tool was used to classify households into three groups, rather than the four groups that were used in the original Zambian tool.
Second, pilot tests were conducted to determine whether the provincial nutritionists and household interviewers could use the tool under field conditions. Based on the relative success of these tests, a third step was to undertake an analysis with quantitative food-consumption data to verify the scoring system and assignment of diets to different groups. This validation study, the subject of this paper, required a dataset based on a complete quantitative dietary survey. Given such a dataset, one could follow the methods outlined in the Methods section above to carry out this exercise.
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